Abstract
Introduction

38
Infecting over two billion people around the world, mostly in resource-limited 39 countries, the ability of parasitic helminths to maintain long standing chronic infections 40 makes them a major health care issue (1) . Trichuris trichiura (T. trichiura) is one of the most 41 common gastrointestinal nematodes, infecting approximately 465 million people worldwide
42
(2), primarily children. In infected children, trichuriasis is strongly associated to malnutrition, 43 growth stunting, and intellectual retardation; whereas in pregnant adults it is related to 44 anaemia and low birth weight babies (3).
45
For decades, T. muris in the mouse has provided a useful and relevant model system the MLNs, spleen, and blood by day 35 p.i. (Fig. 1A&B ). Therefore, a second anti-CD20
116
injection was administered at day 10 p.i. in order to maintain B cell depletion in the blood 117 and secondary lymphoid organs throughout infection (Fig. 1A&B ). CD19 + cells were still 118 present in the bone marrow after anti-CD20 treatment (Fig. 1B IgG1 and IgG2c parasite specific antibodies, in contrast to control treated mice (Fig. 2C&D ).
136
Further, the levels of T. muris specific IgM antibodies in the sera of anti-CD20 treated mice
137
were significantly lower than in the sera of the isotype control-treated mice (Fig. 2E) isotype control treated mice (Fig. 3A-C) . Gating strategy was shown in Supplementary Fig. 1 .
156
In contrast, T FH development in the spleen, distal to the site of infection, was not significantly 157 affected by B cell depletion ( Supplementary Fig.2 
216
In the current study we found that when C57BL/6 mice were depleted of IFN-γ, the 217 immune response became more highly polarised towards Th2 mice, evidenced by parasite- Manchester. Mice were housed in the facility at least 7 days prior to experimentation and 349 were infected at 6-8 weeks old with T. muris by oral gavage. were re-injected with anti-CD20 mab or isotype control at day 10 p.i. 1 mg of α-IFN-γ 366 antibody or rat IgG1 (as a control) antibody was given at day 0, day 7, and day 14 p.i. Mice 367 were euthanised by CO2 followed by autopsy at day 21 or day 35 p.i.. 
Trichuris muris maintenance and the preparation of E/S proteins
369
All protocols to maintain the parasite and to prepare the E/S were as previously expressed as a % over the number of eggs given to determine the infectivity of the egg batch.
387
All E/S supernatant was filter sterilised through a 0.2μm syringe filter (Merk During autopsy, the caecum and proximal colon were collected and stored at -20°C 403 before analysis. Before worm count, the intestine was thawed at room temperature and cut 404 longitudinally using blunt ended scissors and the epithelium was scraped using curved 405 forceps in a petri dish. Worms were counted blindly under a dissecting microscope (Leica). 
416
Approximately 50μl of blood were placed into 1.5 ml eppendorf tube containing 50μl 417 0.5M EDTA and stored on ice before analysis. 500 μl of Red Blood Cell Lysing Buffer Hybri-Max™ (Sigma-Aldrich) were added and samples were incubated for 5 minutes at room 419 temperature. 1 ml of 1xPBS were added and cells were pelleted by centrifugation at 1500 rpm 420 for 5 minutes. Red blood cell lysis process was repeated twice before cells were resuspended 421 in 1 ml of complete RPMI 1640 medium.
422
Femurs and tibias were collected at autopsy and after removing any remaining tissue 423 without damaging the bone integrity, the bone was placed on ice until ready to process. Bone 
437
Samples were read on a BD LSR Fortessa flow cytometer (BD Biosciences) and data was 438 analysed using FlowJo X (Tree Star, Inc).
439
Cell surface markers: anti-B220 (RA3-6B2); anti-CD19 (6D5); anti-CD3ε (17A2); were then washed 3 times with PBS-T and 50μl of either biotinylated rat anti-mouse IgG1
460
(1:500, BD Bioscience), rat anti-mouse IgG2a (1:1000, BD Bioscience) or rat anti-mouse 461 IgM (1:500, BD Bioscience) was added to wells and incubated for 60 minutes. C57BL/6 mice 462 do not make IgG2a, but IgG2c. However, the rat anti-mouse IgG2a antibody also recognises 463 mouse IgG2c, the IgG2a equivalent. Plates were then washed with PBS-T 3 times before the 464 plates were incubated with 75μl Streptavidin peroxidase (1:1000, Sigma) for 60 minutes.
465
Plates were washed 3 times with PBS-T before the colour were developed using 100μl 0.03% 466 hydrogen peroxidase activated ABTS (10% 2,2'azino 3-thyl benzthiazoline in 0.045M citrate 467 buffer). Plates were read at 450nm on a VersaMax Microplate reader (Molecular Devices). were plated out into a 96 well flat bottom plate. Cells were restimulated with 100µl 4 hr T.
478 muris E/S at 100μg/ml (to give a final concentration of E/S in the cell culture of 50µg/ml).
479
Cells were incubated for 48 hours at 37°C and 5% CO2. To collect the supernatant, plates 480 were centrifuged at 1400g for 5 minutes and the supernatant was stored at -20°C.
481
The cytokines IL-4, IL-5, IL-6, IL-9, IL-10, IL-17, IL-13, TNF and IFN-γ were with parasite E/S antigen for 48 hours and cytokines in supernatants were determined using Rat IgG2a isotype α-CD20-mab Rat IgG2a isotype α-CD20-mab
